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INTRODUCTION

Background

T h e  p r e s e n t  s t u d y  w a s  initiated  i n  t h e  w i n t e r  o f  1 9 8 4 .

T h i s  w a t e r  q u a l i t y  s t u d y  i s  p a r t  o f  a n  o v e r a l l  i n v e s t i g a -

t i o n  o f  g r o u n d water In t h e Mendenhall Peninsula - Auke

B a y  (MHP-AB)  a r e a , conducted by the water resources s e c -

t i o n  o f the Alaska Division  o f G e o l o g i c a l  8

Geophysical  Surveys. The impetus for these studies was a

request  from the Division of  Land and Water Management for

information and data o n  s u s p e c t e d  s a l t w a t e r c o n -

tamination problems in the MHP-AB area. The i nformatl  on

was a l s o r e q u i r e d  t o h e l p  a d j u d i c a t e  a p p l i c a t i o n s  f o r

groundwater usage by two proposed major developments in

the area. The first of these was a housing complex on

Fritz  Cove Road; the second was the expansion of the Auke

Bay small  boat  harbor facility. Both developments would

P o t e n t i a l l y  d r a w  relatrvely  l a r g e  v o l u m e s  o f  $-round w a t e r

f r o m  f r a c t u r e d  b e d r o c k  a q u i f e r s ,  t h e r e b y i n c r e a s i n g the

r i s k  o f saltwater intrusion. Concern was voiced by



Aquifers  f o r  t h e  a r e a ’  s wells a r e entirely ~1 t hi n

bedrock, m a i n l y  f r a c t u r e d  greensbnes, greenschists and

pellitlc r o c k s . W e l l  d e p t h s  a r e  c o m m o n l y  about 200 ft a n d

y i e l d s  a r e  l o w ,  t y p i c a l l y  7 - 4 SPm. The g r o u n d  water tends

t o b e  r e l a t i v e l y  h i g h  i n  d i s s o l v e d  s o l i d s .  S e v e r a l  h o m e o w -

ner’ 5, p a r t i c u l a r l y those near beachfronts,

r e p o r t e d  experiencin’g d e t e r i o r a t i o n  o f water q u a l i t y

o v e r  t h e  p a s t  s e v e r a l  y e a r s , a p p a r e n t l y  f r o m  s a l t w a t e r  i n -

t r u d i n g  i n t o  t h e  a q u i f e r s .

The water  geochemistry study  d iscussed i n t h i s r e p o r t

d e s i g n e d  a s  a  r e c o n n a i s s a n c e  e f f o r t t o  1) help i d e n t i f y

a r e a s  e x p e r i e n c i n g  t h e  g r e a t e s t  c o n t a m i n a t i o n  p r o b l e m s ;  2)

d i s t i n g u i s h  a n d  c l a s s i f y  g r o u n d w a t e r s  f r o m  d i f f e r e n t

aquifers ; 31 d e t e r m i n e  the  s o u r c e s  o f  w a k e r s  r e c h a r g i n g  t h e

a q u i f e r s ; a n d  4) e s t a b l i s h  a  d a t a  b a s e l i n e  f o r  m o n i t o r i n g

and def ining any future contamination that  may result  from

continued development of  the area.

Previous Studies

A  s t u d y  o f  w a t e r  r e s o u r c e s  b y  Barnwell.  a n d  B o n i n g  U968)

c o n c e n t r a t e d  p r i m a r i l y  o n  t h e  Mendenhall  V a l l e y  b u t  a l s o  in-
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w a t e r  occurences Ln d e e p  wells in  t h e  c e n t r a l  p a r t  o f  th?

v a l l e y  a n d  s u g g e s t e d  t h a t  s o m e o f  t h e  s a l t w a t e r  ma;/ b e  c o n -

,nate o r  m a y  h a v e  b e e n  l e f t  during  depostion  o f  valley-

filling  s e d i m e n t s . T h e  single  w a t e r  analysis r e p o r t e d  b;r

t h e m  f o r  t h e  M H P - A B  a r e a  1s f o r  a  w e l l  i n  t h e  v i c i n i t y  o f

the Uni:/ersity  of  Alaska,  Juneau. The water produced from

t h e  1 2 0  ft w e l l  w a s  a  Na-Ca-Mg  b i c a r b o n a t e  w a t e r  w i t h  n o  a p -

p a r e n t  s u l f a t e  o r  chloride  c o n t a m i n a t i o n . Sarnwell  a n d

B o n i n g  (1968)  a l s o  r e p o r t e d  y i e l d s  o f  l e s s  t h a n  1  g p m  t o  2 0

gpm and an average of  3 gpm based on sample of  46 wel ls

producing from bedrock aquifers .

A more recent  study of  water  qual ity  in the MHP-AB area was

undertaken by G. Balding of  the USGS. B a l d i n g  (1979)

presented t h e  r e s u l t s o f  h i s  s t u d y  o f  w a t e r  s u p p l i e s  i n

the HHP-AB area in a report  to  the Division of  Land and

Water Management. Hi s study was based on a

questionaire sent to  residents in the MHP-AB area and on

m e a s u r e m e n t s  o f  s p e c i f i c  c o n d u c t a n c e  o f  w a t e r s  f r o m  s e l e c -

ted wel ls . Balding ’s work provided information on the

locations and depths of  many of  the wel ls i n v e s t i g a t e d

in t h i s study and a l s o p r o v i d e d  b a s e l i n e  s p e c i f i c  c o n -

ductance data. Balding’  s data suggested t h a t  p r o b l e m s

w i t h  s a l t w a t e r  i n t r u s i o n  w e r e  a l r e a d y  p r e v a l e n t  i n  1979.

Scattered measurements of  water quality and arsenic  concen-
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GEOLOGIC SETTING

Bedrock

Bedrock in the MHP-AB area consists  of  Tertiary and

Cretaceous  a g e d  Sreenstones,  SPeenschists,

metaconglomerates, p e l l i  t i c  r o c k s , metasandstones and

metasi ltstones (Ford and Brew, 1973) (fig.  I). The rocks

a r e  p a r t  o f  a  s o u t h w e s t  t r e n d i n g  b e l t  o f  m e t a m o r p h i c  r o c k s

with metamorphic- isograd increasing towards the northwest .

The boundary between the greenschist  facies  and prehnite-

p u m p e l l y i t e  m e t a g r a y w a c k e  f a c i e s  l i e s  j u s t  n o r t h w e s t  o f  t h e

MHP-AB area.

Bedrock on the Mendenhall  Peninsula ranSes from chief ly

a u g i t e - r i c h  m e t a t u f f s , o r i g i n a l l y  b a s a l t i c  t o  a n d e s i t i c ,  i n

p l a c e s  m i x e d  w i t h  m e t a g r a y w a c k e ,  argillite,  o r  s l a t e  o n  t h e

w e s t  s i d e  o f  t h e  p e n i n s u l a  t o  d a r k , v o l c a n i c - d e r i v e d

metasedimentary rocks on the east  s ide (Ford and Brew,

1973) * Bedrock exposed in the Auke Bay area is  mostly  argil-

l i t e  a n d  s l a t e .

Two sets  of  jo int  patterns occur in the MHP-AB area. The

f i r s t  s e t  t r e n d s  a b o u t  45O NE with dips  ranging from 72O  SH
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all of which  trend northwestward (fig. 1;.

S u r f i c i a l  D e p o s i t s

S u r f i c i a l  d e p o s i t s  In  t h e  M H P - A B  a r e a  c o n s i s t  prlmarlly o f

t h e  G a s t i n e a u  C h a n n e l  F o r m a t i o n , a composite glaciomarine

d e p o s i t  d e f i n e d  b y  M i l l e r  ( 1 9 7 3 ;  1 9 7 5 )  w h i c h  o c c u r s

t h r o u g h o u t  t h e  G a s t i n e a u  C h a n n e l  r e g i o n . E x p o s u r e s  i n  t h e

M H P - A B  a r e a  ( f i g .  2) a r e  p r e d o m i n a t e l y  o f  t h e  t h i r d  ( a n d

y o u n g e s t )  o f  M i l l e r ’ s  t h r e e  f a c i e s :  a  l i g h t  g r a y  t o

g r e e n i s h - g r a y  m a s s i v e  t o  s o f t  s a n d y  d i a m i c t o n  c o n t a i n i n g  u n -

b r o k e n  a n d  a r t i c u l a t e d  m o l l u s k a n  s h e l l s  a n d  F o r a m i n i f e r a .

M i l l e r  r e p o r t e d  r a d i o c a r b o n  a g e s  r a n g i n g  f r o m  9 ,  7 0 0  t o

1 0 ,  700 yea r s  B .  P . a n d  t h i c k n e s s e s  r a n g i n g  f r o m  4  t o  1 2  ft

f o r  t h e  t h i r d  f a c i e s . T h e  d e p o s i t s  i n  t h e  G a s t i n e a u  C h a n -

n e l  r e g i o n  l o c a l l y  o v e r l i e  b e d r o c k  b u t  n o r m a l l y  o v e r l i e

d e p o s i t s  o f  t h e  f i r s t  f a c i e s .

T h e  f i r s t  f a c i e s , which  i s  e x p o s e d  a t  t h e  n o r t h w e s t  e n d  o f

M e n d e n h a l l  P e n i n s u l a , consists o f  g r a y  t o  l i g h t - g r a y  t o

g r e e n i s h - g r a y  g e n e r a l l y  h a r d , dense till-like stony diamic-

ton, r i ch i n  m o l l u s k s  a n d  F o r a m i n i f e r a  (Millar, 1975). The

f i r s t  f a c i e s  o v e r l i e s  b e d r o c k  i n  m o s t  p l a c e s  i n  t h e

G a s t i n e a u  C h a n n e l  r e g i o n  a n d  r a n g e s  i n  t h i c k n e s s  f r o m  2 0  t o

g r e a t e r  t h a n  6 0  f t .
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Other  surflclal  deposits Ln the !4HP-Aa urea ~nclti~ls  rL.;22cl

beach deposits, rubble  depose  ts, a n d  f a n  deposits.

METHODS OF STUDY

Field Sampling

Locations of  wel ls  in the MHP-AB area are shown on plate

1. T i m e  a n d  f u n d i n g  l i m i t a t i o n s  r e s t r i c t e d  t h e  g e o c h e m i c a l

s t u d i e s  t o  s e c t i o n s  23 a n d  35, a r e a s  w h i c h  w e r e  d e e m e d  m u s t

c r i t i c a l  b e c a u s e  o f  p r o p o s e d  d e v e l o p m e n t s . A l l  s i t e s  f o r

which chloride  concentrations were measured during this

study are also shown on plate 1. Whenever possible ,

m e a s u r e m e n t s  o f  s t a t i c  w a t e r  l e v e l  accompanied  t h e

geochemical  sampling. However, n o t  a l l  w e l l s  f o r  w h i c h

static  levels  were measured were sampled for  geochemical

analyses.

W a t e r s  f r o m  1 8  w e l l  s i t e s  w e r e  s a m p l e d ,  filtered,  a n d

t r e a t e d  f o r  f u l l  c a t i o n  a n d  a n i o n  g e o c h e m i c a l  a n a l y s i s

( t a b l e  I). Alkal inity  and pH on these waters were measured

i n  t h e  f i e l d , o r  s h o r t l y  t h e r e a f t e r . Raw, u n f i l t e r e d  s a m -

p l e s  w e r e  o b t a i n e d  f r o m  t e n  a d d i t i o n a l  w e l l  s i t e s .  N o  pH o r

alkal inity measurements were made on these samples. Five

o f  t h e  s a m p l e s  w e r e  a n a l y z e d  f o r  m a j o r  c a t i o n s  a n d  anions

( e x c e p t  HC03). T h e  o t h e r  f i v e  w e r e  a n a l y z e d  f o r  S 0 4 ,  C l ,  F ,

and Br only. O n e  s i t e  w a s  c h e c k e d  f o r  C l  o n l y .
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A c o l d  w a t e r  s t r e a m  l o c a t e d  o n  t h e  s o u t h e a s t  p a r t  m~jf Hk?nden-

hall  Peninsula  w a s  s a m p l e d  a n d  a  c o m p l e t e  catlon  - an13n

analysis  w a s  p e r f o r m e d  t o  provide  f o r  a  comparison  with

ground water chemistries .

Waters from t w e n t y - f i v e  d i f f e r e n t  s i t e s ,  includins  five

streams and springs, were sampled and analyzed for

deuterium, Analyses o f  6 1 8 0  w e r e  m a d e  f o r  1 3  o f  t h e s e

s i t e s .

Wells  were normally  sampled after  water  was f irst  run for

about S-IO minutes at  a  rate of  about 0.  5  to  1  gpm. The

s a m p l e  w a s  n o r m a l l y  t a k e n  a s  c l o s e  t o  wellhead  a s  p o s s i b l e

and always before any treatment or  water softening system.

Methods of  Analyses

A l k a l i n i t y  a s  b i c a r b o n a t e ,  pH, speci f ic  conductance and am-

monia were determined in the f ie ld  fo l lowing methods

described in Presser and Barnes (1974) . The remaining con-

st ituents  were analyzed at  the DGGS water  laboratory in

Fairbanks. Major  and minor cation concentrations were

determined using a Perkin-Elmer atomic  absorption  spec-

trometer following standard procedures. Sulfate and

bromide were determined on a Dionex ion chromatograph.

F l u o r i d e  w a s  d e t e r m i n e d  u s i n g  t h e  s p e c i f i c  i o n  e l e c t r o d e

method. Chlorides were analyzed by Mohr t i trat ion and
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iron  w e r e determined by starnlc absar'btl,:,n  np;ctrr>sc',p;;. A

graphite f u r n a c e  w a s  USed f o r  arsenic  deterrnlnstlons  t o  e n -

h a n c e  l o w - l e v e l  d e t e c t i o n . Silica concentrations  w e r e

‘determined by the molybedinate blue method. Stable

i s o t o p e s  w e r e  a n a l y z e d  a t  t h e  S t a b l e  I s o t o p e  L a b o r a t o r y  a t

S o u t h e r n  M e t h o d i s t  U n i v e r s i t y ,  Dallas, Texas,

RESULTS

R e s u l t s  o f  t h e  g e o c h e m i c a l  a n a l y s e s  a r e  p r e s e n t e d  i n  t a b l e

1, g r o u p e d  b y  l o c a l i t y ,  a n d  i n  t a b l e  2 ,  g r o u p e d  b y  p r o p o s e d

water types. Percent major  cation and anion composit ions

f o r  w a t e r s  f o r  w h i c h  f u l l  a n a l y s i s  w e r e  r u n  a r e  p l o t t e d  o n

a  P i p e r  d i a g r a m  ( f i g ,  3). T h e  m i l l i e q u i v a l e n t  c o n c e n t r a -

t i o n s  F o r  t h e s e  s i t e s  a r e  p l o t t e d  o n  p l a t e  1 . The Five sam-

p l e s  f o r  w h i c h  a l l  m a j o r  c o n s t i t u e n t s ,  e x c e p t  H C 0 3 ,  w e r e

a n a l y s e d  a r e  a l s o  p l o t t e d . The HC03 concentrations for

these samples  were est imated by comparing cation - anion

m i l l i e q u i v a l e n t  b a l a n c e s , T h e  a m o u n t  o f  a d d i t i o n a l  millie-

q u i v a l e n t  a n i o n s  r e q u i r e d  t o  b a l a n c e  t h e  c a t i o n  t o t a l  w a s

assumed to  be HC03.  For comparison,  the percentage composi-

t i o n  o f  s e a w a t e r  i s  p l o t t e d  o n  t h e  P i p e r  d i a g r a m .

Three water types have been dist inguished based on relative

a n d  a b s o l u t e  c a t i o n - a n i o n  c o m p o s i t i o n  ( f i g , 3  and table  2,

r e s p e c t i v e l y ) . Type 1 w a t e r s  a r e  h i g h  pH,  Na - HC03  rich

waters  with relat ively  low concentrations of  Ca and Mg and
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.;ar~yl  ng amaunts .:s f 3 ig 4 3nd  Cl. Ths  L  nc,r'CLlz+s I :1 1: 1

( a n d  posslb1.y s o m e  of t h e  SC141  IS  presumab!:;  (due t:, .iar:/lng-

d e g r e e s  o f  s a l t w a t e r  contarnlnatlon. T h e  w a t e r s  t e n d  t o

h a v e  comparatively  l o w  c o n c e n t r a t i o n s  o f  S r ,  F e ,  a n d  A s .

T y p e  1  w a t e r s  a r e  l o c a t e d exclusively  In s e c t i o n 3 5  a n d

a p p r o x i m a t e l y  s o u t h w e s t  o f  a  l i n e r u n n i n g  t h r o u g h  3 5 - 3 8  a n d

35-13 .

T y p e  2  w a t e r s  a r e  f o u n d  i n  s e c t i o n  2 3 , T y p e  2  w a t e r s  h a v e

c o n c e n t r a t i o n s  o f  N a  a n d  H C 0 3  s i m i l a r  t o  t y p e  1  w a t e r s  b u t

h a v e  s i g n i f i c a n t l y  g r e a t e r  c o n c e n t r a t i o n s  o f  K ,  C a ,  a n d  M g .

T y p e  2  w a t e r s  a l s o  t e n d  t o  h a v e  l o w e r  pH and g r e a t e r

c o n c e n t r a t i o n s  o f  S r a n d  s o m e t i m e s  F e t h a n type 1

w a t e r s . A l l  t y p e  2  w a t e r s  s a m p l e d ,  e x c e p t  2 3 - 2 8  a n d  p e r -

h a p s  2 3 - 0 5 , s u g g e s t  s o m e  d e g r e e  o f  s a l t w a t e r  c o n t a m i n a t i o n

a s  r e f l e c t e d  b y  h i g h e r  C l  c o n c e n t r a t i o n s . T h e  m o s t  c o n -

t a m i n a t e d  w e l l ,  2 3 - 0 1  (Cl= 9 5 0  ppm), l i e s  c l o s e  t o  t h e  A u k e

B a y  b e a c h f r o n t  a n d  i s  t h e  p r i m a r y  w a t e r  s u p p l y  f o r  a n  a p a r t -

ment complex. T w o  s i t e s  w h i c h  s h o w  s l i g h t l y  e l e v a t e d  l e v e l s

o f  CI  c o n c e n t r a t i o n , 2 3 - 1 4  a n d  2 3 - 0 5 , a r e  l o c a t e d  s o m e

d i s t a n c e  a w a y  f r o m  t h e  b e a c h f r o n t  ( 1 5 0 0  ft) s u g g e s t i n g  t h a t

s a l t w a t e r  i n t r u s i o n  f r o m  A u k e  B a y  m a y  n o t  b e  t h e  s o u r c e  o f

C l  c o n t a m i n a t i o n  i n  t h e  a q u i f e r s  s u p p l y i n g  t h e s e  w e l l s .

O n e  o f  t h e  s i t e s ,  2 3 - 2 4 , h a s  a  S O 4  concentration  (790  ppm)

s i g n i f i c a n t l y  h i g h e r  t h a n  a n y  o t h e r  s a m p l e d  i n  t h e  M H P - A B

a r e a . T y p e  2  w a t e r s  a r e  l o w  i n  A s ,  a n d ,  e x c e p t  f o r  2 3 - 0 5 ,

l o w  i n  F e ,
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T;;pe  3 Waters  dre dlstlngulshed  by havln<  ProportLcnatel,.2. ./

greater conCentratlonS  Of both Ca and hg,  and lower  ph than

either type 1 or  type 2 waters. The waters are rich In

HC03 and, w i t h  t h e  exception  o f  3 5 - 3 9 ,  a r e  comparitively

l o w  i n  SO4. Two type 3 waters  for  which ful l  analyses are

a v a i l a b l e  s h o w  s i g n i f i c a n t  C l  c o n t a m i n a t i o n . Two other

s i t e s  f o r  w h i c h  o n l y  p a r t r a l  a n a l y s e s  a r e  a v a i l a b l e  b u t  a r e

p r o b a b l y  t y p e  3  w a t e r s  ( 3 5 - 3 2  a n d  35-08)  a l s o  h a v e  h i g h  c o n -

c e n t r a t i o n s  o f  C l . A l l  f o u r  o f  t h e s e  s i t e s  a r e  l o c a t e d

n e a r  s h o r e l i n e s  a l o n g  t h e  w e s t  s i d e  o f  M e n d e n h a l l  P e n i n -

sula. T y p e  3  w a t e r s  a l s o  t e n d  t o  h a v e  g r e a t e r  c o n c e n t r a -

t i o n s  o f  F e  o r  A s  o r  b o t h  t h a n  e i t h e r  t y p e  1 o r  t y p e  2

waters.

T h r e e  s u b c a t e g o r i e s  o f  t y p e  3  w a t e r s  a r e  d i s t i n g u i s h a b l e

b a s e d  o n  c a t i o n  c o m p o s i t i o n  a n d  l o c a t i o n . Type 3a  waters

h a v e  g r e a t e r  p r o p o r t i o n s  o f  N a  t h a n  C a  + My,  l o w  C l  a n d

t e n d  t o  b e  l o c a t e d  i n l a n d . Type 3b waters are dist inguished

b y  h i g h  A s  c o n c e n t r a t i o n s  a n d  l o c a t i o n  i n  s e c t i o n  2 3 .

Type 3c waters have Ca t Mg greater  than Na and,  except  for

35-20, a r e  a l l  l o c a t e d  n e a r  s h o r e l i n e s .

T o t a l  d i s s o l v e d  s o l i d s  (TDS) i n  s a m p l e s  f o r  w h i c h  f u l l

analyses are avai lable  range from 155 ppm (35-20)  to  2086

ppm (23-01). However, b a s e d  o n  t h e  p a r t i a l  a n i o n  a n a l y s i s

a v a i l a b l e  f o r  s i t e  35-08, the TDS in waters from some beach-

f r o n t  w e l l s  a r e  l i k e l y  t o  s u b s t a n t i a l l y  e x c e e d  2 0 0 0  p p m .



T a b l e  3  gives  t h e c h l o r i d e  concentrations  o f  sltas  s a m p l e d

r a n k e d  i n  o r d e r  of decreasing  concentration. C h l o r i d e  c o n -

c e n t r a t i o n s  r a n g e  f r o m  1720 p p m  f o r  s i t e  35-08  t o  a s  l o w  a s

I p p m  f o r  t h e  s t r e a m  a t the Mendenhall  1390 site . Except

f o r  t h e  s a m p l e s  w i t h  h i g h e s t  c h l o r i d e  concentrations, >i  J.

s h o w s  l i t t l e  c o r r e l a t i o n  w i t h  i n c r e a s i n g  Cl<  f i g . 4).  As can

be seen from f igure 5, high  c o n c e n t r a t i o n s  o f  N a  a r e  a l s o

a s s o c i a t e d  w i t h  high c o n c e n t r a t i o n s  o f  b i c a r b o n a t e ,

T a b l e  4  g i v e s  a r s e n i c  c o n c e n t r a t i o n s  o f  s i t e s  s a m p l e d

r a n k e d  i n  o r d e r  o f  d e c r e a s i n g  c o n c e n t r a t i o n . T h r e e  s i t e s

are at  or  near the Department of  Environmental  Conser-

vation ’s  maximum al lowable  standard for  drinking water  of

5 0  ppb. One site ,  23-31, i s  c o n s i d e r a b l y  a b o v e  s a f e

l e v e l s .

R e s u l t s  o f  a n a l y s e s  o f  s t a b l e  i s o t o p e  c o m p o s i t i o n s  a r e

p r e s e n t e d  i n  t a b l e s  1  a n d  2  a n d  In f i g u r e s  6 ,  7 ,  a n d  8 .

Deuterium composit ions of  wel l  waters  range from -90 to

-100 per mil  with respect  to  Standard Mean Ocean Water

(SMOW)  a n d  a r e  s i m i l a r  t o  d e u t e r i u m  c o m p o s i t i o n s  o f  l o c a l l y

d e r i v e d  m e t e o r i c  w a t e r s  (LDMW)  ( f i g .  6). Samples for  which

6 1 8 0  compositions  a r e  a v a i l a b l e  a r e  plotted  in  f i g u r e  7 .

The meteoric  water  l ine  of  Craig  (1961)  and the Adak

p r e c i p i t a t i o n  l i n e  (Motyka, 1 9 8 2 1  a r e  p l o t t e d  f o r  com-

II
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mining a preclpltatlon  line. 1 T h e  M H P - A 3  ar:‘a ,~at-,;r~  tzi~d

t o  plot c l o s e  t o  Craig’s  meteoric  w a t e r  ?lne b u t  a  f e w  s a m -

ples  a p p e a r  s l i g h t l y  shifted  t o w a r d s  m o r e  posltl.Je  (51i30.

The s imilarity  between LDMW and the well -water  stable

i s o t o p e  c o m p o s i t i o n s  lndlcates t h e  w a t e r  i n  t h e  MHP-AB

a q u i f e r s  i s  r e  c h a r g e d  b y  meteoric w a t e r s  t h a t  p r e c i p i t a t e s

a t  l o w  e l e v a t i o n s ,

The deuterium composit ions of  the well  waters show a weak

c o r r e l a t i o n  w i t h  i n c r e a s i n g  C l  c o n c e n t r a t i o n . An increase

i n  6D w o u l d  b e  e x p e c t e d  i f  s e a  w a t e r  i s  t h e  s o u r c e  o f  i n -

creased Cl  in  the wel l  waters . T h e  Lsotopic c o m p o s i t i o n  o f

G a s t i n e a u  C h a n n e l  s a l t w a t e r  i s  n o t  k n o w n  b u t  i s  e x p e c t e d  t o

b e  s u b s t a n t i a l l y  l i g h t e r  t h a n  S M O W  b e c a u s e  o f  t h e  l a r g e  i n -

f l u x  o f  f r e s h w a t e r  r u n o f f  f r o m  c o a s t a l  m o u n t a i n s .

DISCUSSION

The geographic  trend of  ground-water types discussed above

t e n d  t o  c u t  a c r o s s  t h e  t r e n d  o f  b e d r o c k  c o n t a c t s . T h i s  i s

particular  true of  the type 1 Na-CO3 waters. I n s t e a d ,  t h e

g e o g r a p h i c  t r e n d s  i n  w a t e r  c h e m i s t r y  t e n d  t o  c o r r e l a t e  w i t h

the primary fracture orientation of  45O NW.

T h e  m a j o r i t y  o f  t h e  w e l l s  s h o w i n g  c h l o r i d e  c o n t a m i n a t i o n  o c -

c u r  n e a r  s h o r e l i n e s  i n d i c a t i n g  t h e  contaminaton  i s

12
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fractures  Ln t h e  aquifers. Two Sl tes, howe’/er, ,?i‘e  ~>me

distance  away f r o m  t h e  c o a s t  a n d  f o r  t h e s e  sites t h e

c h l o r i d e  contamination  m a y  o r l g i n a t e  f r o m  a d i f f e r e n t  s o u r -

% e . Auke  lake , a  remnant  glac ial  lake, l i e s  7 0 0  f t ,  o r

l e s s , e a s t  o f  t h e  t w o  s u s p e c t w e l l s  ( 2 3 - 7 4  a n d  23-05).  I f

t h e  a q u i f e r s  f e e d i n g  t h e s e  t w o  w e l l s  a r e  b e i n g  c h a r g e d  b y

w a t e r s  i n f i l t r a t i n g  a l o n g  n o r t h e a s t  o r i e n t e d  f r a c t u r e s  t h e n

some of  the recharge waters may originate  from Auke Lake.

Although the depth of  Auke Lake is  not  known,  i t  is

p r o b a b l e  t h a t  t h e  H o l o c e n e  g l a c i o m a r i n e  d e p o s i t i o n  p r e v a -

lent  throughout the Gastineau Channel  region also  occurred

at Auke Lake, I n  f a c t , j u d g i n g  b y  t h e  l a r g e  a n d  r a p i d  r a t e

o f  i s o s t a t i c  r e b o u n d  t h a t  h a s  o c c u r r e d  t h r o u g h o u t  t h e

G a s t i n e a u  C h a n n e l  r e g i o n  (Miller,1973), A u k e  L a k e  m a y  h a v e

b e e n  c o n n e c t e d  t o  s a l t w a t e r  i n  t h e  r e c e n t  p a s t  a n d  t h e  l a k e

m a y  s t i l l  b e  s a l i n e  a t  d e p t h . I n  a d d i t i o n , i f  Auke Lake

formed a deposit ional  basin for  marine sediments during

p o s t g l a c i a l  t i m e s  t h e n  a  r e l a t i v e l y  l a r g e  t h i c k n e s s  o f

Qlaciomarine deposits  could have accumulated within the

basin and now underl ies  the lake. P e r c o l a t i o n  o f  l a k e

waters through these sediments would leach salts  and in-

t r o d u c e  t h e m  i n t o  s u b s u r f a c e  a q u i f e r s . The high  calc ium

and strontium levels  present in the type 2 waters perhaps

o r i g i n a t e s  f r o m  decomposi  t o n  o f  m o l l u s k  s h e l l s . These or

similar  marine beds could be a source of  the high SO4

present in s o m e  of  the MHP-AB area wel l  waters.

13
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p l a t e  1. C h l o r i d e  concentrations  l e s s  t h a n  113 p p m  Lndicste

the wel l -water  is  not  contaminated by saltwater . Concentra-

t i o n s  o v e r  50  p p m  indicate  lnclplent  s a l t w a t e r  c o n t a m i n a -

t i o n  a n d  c a u t i o n  s h o u l d  b e  e x c e r s i z e d  b e f o r e  i n c r e a s i n g  t h e

r a t e  o f  e x t r a c t i o n  f r o m  t h e  s u p p l y i n g  a q u i f e r . Concentra-

t ions between 100 and 500 ppm indicate saltwater contamina-

t i o n  h a s  o c c u r r e d  a n d  n o  f u r t h e r  s t r e s s  s h o u l d  b e  p l a c e d  o n

t h e  a q u i f e r , Concentrations over 500 ppm indicate saltwater

c o n t a m i n a t i o n  o f  t h e  s u p p l y i n g  a q u i f e r  i s  s e v e r e .

T h e  s i m i l a r i t y  i n  i s o t o p i c  c o m p o s i t i o n  o f  w a t e r  f r o m  w e l l s

and LDMH indicates that the primary source of  water rechar-

g i n g  t h e  b e d r o c k  a q u i f e r s  i s  p r e c i p i t a t i o n  a t  r e l a t i v e l y

l o w  e l e v a t i o n s . F o r  sites  w h e r e  s a l t w a t e r  i n t r u s i o n  i s

s e v e r e  (Cl>  5 0 0  ppm), the heavier  deuterium composit ions

r e f l e c t  t h e  m i x i n g  o f  a  s a l t w a t e r  c o m p o n e n t  w i t h  t h e

meteoric  recharge waters .
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- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3-13-64
3-13-14
3-22-84
J-04-84
2-01-84

6-14-84
b-l t-84
b-14-54
b-IT-R4
b-f644
b-19-84
b-14-04

3-14-84
3-14-84
2-02-84
i-07-14
b-26-64
6-19-84
3-22-84
3-22-04
5-03-84
5-02-84
5-03-84
2-01-84

Sic2 it e NH4 #Cl?
---------c----o------------___ - - - - - - - - - - - - -



Date ue;:  Pept h
Sarplell  Hap No, Type ft

Thorason
KarFnin
Haul  ihan
Glarby
tfellke

6hea
Olson
Dehardt
Me Ear

U, of Juneau
Jones
Bay Yiev

Hwsch
Brad1  ey
Watts
Curriags
Coat es
Trarbitas
Rarscy
Hc Vey
Rendenhall  139

- Laronica
Patrer
Argetsinger

3-13-14 35-24
3-13-84 35-13
3-22-04 35-15
3-04-01; &fj5
2’01434 35-38

6-14-04 23-28
b-16-84 23-24
b-14-84 250%
6-19-84 23-23
b-lb-04 23-14
b-19-64 23-05
6-14-04 ‘23~QlA

3-14-84 35-10
3-f 4-64 35-03
2-02-84 35-28
2-07-84 35-09
6-20-84 23-4:
6-i 9-84 23-a
3-22-34 35-20
J-22-84 35-39
5-03-04 35-54
5-02-84 35-53
5-03-84 35-43
Hi-84 35-.02

5-03-84 35-48
2-Of-84 35-32
5-U-84 35-08
5-pg 25-52
5-$2-84 35-33
5-(Q-84 !5-1?
b-15-64 23-44
6-!5-84 23-45
5-03-94 35-5:.
i:-f!,-84 23-46

A;,  p;b
- I - - - - - -

1

:
1
9i

2
4
3
1
9
4
1

Y4
24

4
4b
18

263
1

(7
(1

9
7

Jb?
1364

696
‘792’

1070
A90
2066

.’ ‘460
1bGQ
7 9 0

1000
1450

450
2600

215
430
320
4x1
310
220
175
790
if

760
400

1650

“)

.‘-97  -z
-98
-98
-98
-96

-100
-94



Table  3 . Concentratron  o f  chlorldz, p p m . Ln  weli iatr?rs  P r o m  Flendenhdll.  p e n i n s u l a
and Auke Bay.

Date

S i t e  N a m e Sampled Map No.
_______-----------------------------

Bagerup 5-02-84 35-08
Kei thahn 2-01-84 35-32
B a y  VieR b-14-84 23-01  A
Argetsinger 2-01-84 35-02
U.  o f  Juneau 6-l 6-84 23-14
Meilke 2-01-84 35-38
Lamonica S-02-84 35-53
Olson 6-16-84 23-24
Auke Bay 6-19-84 23-23
Dehardt 6-14-84 23-08
Jones 6-19-84 23-05
Palmer 5-03-84 35-43
Clasby 3-04-84 35-05

C l
___-_--__

1720
1000
944
632
166

157
153
98
80
78

53
44
40

B e l l  D e p t h ,
f-t

----_---_.

129
92
90

115
227
220
200

275
202
290

145
93

150

Aoulihan 3-22-84 35-15
Bradley 3-14-84 35-03
Johnson S-02-84 35-52
Cummings 2-07-84 35-09
Coates 6-20-84 23-41
Lundstrom 5-02-84 35-33
MC Vey 3-22-84 35-39
Ghea 6-14-84 23-28
Thomason 3-13-84 35-24
Karenin j-13-84 35-13
Buckley S-02-84 35-12
Watts 2-02-84 35-28
Hursch J-14-84 35-10
Ramsey S-22-84 35-20
Trambi tas 6-19-34 23-31
Nash S-03-84 35-48
Hendenhall 1390 S-03-84 35-54
Bay Creek b-15-84 23-45
Seaver  Springs S-03-84 35-55
Lake Creek 6-15-84 23-46
Auke Creek 6-15-84 23-44

24
22
17
13
10
9
9
3
4
4
4
2
2
2
2
2
1

260
95

475
212

89

73
216

85
87

200
200
202
109
80



T a b l e  4 . Concentration  ol’ arc,enlc, p p b ,  In xellkiatars t‘rom ilandenhall Fsnlnsu:d
and A u k e  Bay.

Date
S i t e  N a m e Sampled Map No.
____-_--------------------------------------

Trambi tas 6-19-34 23-31
Coates 6720-94 23-41
Cummings z-07-34 35-09
B r a d l e y 3-14-a4 35-03
Xursch 3-14-34 35-10
u. o f  J u n e a u b-lb-84 23-14
Palmer 5-03-34 35-43
Ramsey 3-22-84 35-20
A r g e t s i n g e r 2-01-24 35-02
J o n e s b-19-84 23-05
R a t t s 2-02-a4 35-28
Olson b-lb-84 23-24
Dehardt b-14-84 23-08
MC Vey 3-22-84 35-39
Karenin 3-13-84 35-13
Boulihan 3-22-34 35-15
Heilks 2-01-84 35-38
Ghea 6-14-84 23-28
Clasby 3-04-84 35-05
B a y  Vieu b-14-84 23-OIA
Thomason 3-13-84 35-24
Auke Bay b-19-84 23-23
Kei thahn 2-01-84 35-32
Nash 5-03-84 35-48
Buckley 5-02-84 35-12
Lundstrom 5-02-84 35-33
Lake  Creek 6-15-84 23-46
Johnson 5-02-84 35-52
duke C r e e k 6-15-84 23-44
Bay C r e e k b-l 5-84 23-45
S e a v e r  S p r i n g s 5-03-84 35-55
Bagerup S-02-84 35-08
Lamonica S-02-84 35-53
Hendenhall  1390 S-03-84 35-54

As, ppb
----I-

Hell D e p t h ,
t-t

___----I-

109263
73
46
24
14
9
9
7
7
4
4
4
3
3
2
2
2
2

212
95

200
227

93
202
115
145
200

275
290

39
35

260
220
73

150
90

216
1 202

92
80
87

475

129
<I 200
<I

--
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CENTRAL SCHIST BELT

Note: relative aqes  are  those of parent
rocks or of metamorphism

SClJlH~ES:ERN  HETAJ07PHLC  aEL: I
I

"I  r
~ Note: relative aqes  a!

of parent rocks ,m

- I”

- sdf

- sdb

- rg

-8 ‘.I  ,gc

J, 9p5#@ ,9PS

- SP

I spe

cgh

DESCRIPTION OF HAP UNITS

SURFICIAL  DEPOSITS--Undifferentiated glacial, alluvial,
colluvial,  marine, and glaclomarine  materials; see A. 0.
Miller (1972)  for detailed descriptions and maps.

Southwestern metamorphtc  belt
(southwest of Gastineau  Channel and Montana  Creek)

HETAPARPHIC  ROCKS, UNDIFFERENTIATED

NETAFELSITE--Dike  and sill-like bodlss.

HETABASALT,  HETADIORITE,  AND HETAGABGRO--Dikes,  sills,  end
other small Intrusive bodies.

GREENSTONE AND GREENSCHIST--Chiefly  ,augite-rich  metstuff,
ori9inally  basaltic to andesitfc;  In places mixed with
mta9reywaCke.  arglllite,  or slate. Cliff  former.

GREENSlONE  AND  WTACONGLOIQRATE--Nixed  and und\fferentlated  rocks.

GREENSTONE AND PELlTIC  ROCKS--Mixed and undifferentiated rocks.

GREENSTONE, MlAPELITlC  ROCKS, AND METASANDSTONE--Mixed  and
undlfferentlated  rocks. Major  Iithologies  of unit dlfferentlated
on Table Top Mountain,  Oouglrf  Island.

PELITTC  ROCKS--Mostly ar9illite  and slate, locally phylllte.

PELITIC  ROCKS, MTASANDSTONE,ANO  CETASILTSTONE--Chiefly
dark, volcanic-derived mtasedifmntary  rocks, mixed and
undtfferenttated.

Contra1  schist  belt
(Behem  tiltinwt  Channel and Western front of ma+n
gnclSS  belt between Lemon Creek Glacier  and Stroller
Whit*  Hounteln)

METAHORPHIC  ROCKS, UNDIFFERENTIATED

HOMOGENEOUS GRANITIC  GNEISS--Chiefly  blotite-  and hornblende-
bearinq  quartz dlorltic  gnelrr  (orthognelrs\  of Haunt  Juneau
pluton. Cmnly  contains minor  amounts  of garnet.

nIW(ATITL--Hetrroglncous  mlxturr  of schist and 9ranitic  gnelss.

CHLORITE SCHIST AN0  GREENSCHIST--Generally well foliated.  but
Includes gwenStOne  and semischist  IOCally  near Gartineau
Channel and Hontane  Creek,

cHLORtTE  SCHIST. GREENSCHIST.  A ND HORNBLENDE SCHIST--Nixed
and  und(ffwmtlrted  rocks.





.- 1

‘“,. I_......-.-
--.-

I-’
w.....

-



100

0

I

-1

c

0.0 0.2 0.4> -0.6
(Thousands)

1 .o

Cl,  pm
a Sect 35 + sect 23



,

ar)
.0

U
d
d

 
‘O

N



!

500

400

300
E
aa
.

z”
200

100

0

+ -

+

,

+

L-l

+O

cl
+

+ 1-I

cl Cl cl
+

0 + Cl
4 . II I I . .

0 200 400 600

H C 0 3 ,  p p m
Cl S e c t  3 5 + S e c t  2 3

-



500

4 0 0

300
E
k

2 0 0

1 0 0

2 3 - ‘ 2 4
+

3!

3 5 - M
a

c

,A

-t

200

cl

23-OlA
+ .

2 3 - 1 4

23-1
+

!3-23
+

3 5 - 2 4
23~28

+

p-03
u

5-43 3
351-53

0

- 3 9c
. -

I q

4 0 0

!

3:

HC03, pprn
Sect 35 + Sect 23

6 0 0



- 9 0

-91

- 9 2

- 9 3

- 9 4

- 9 5

- 9 6

- 9 7

- 9 8

- 9 9

- 1 0 0

Cl

I

cl S e c t  3 5

I I I I
I I I I I

Location
+ sect  23 0 L D M W



I
-.

I
I

I

-.

I!W
 

J
U

d
 

‘(-J
 

li3
a



-.-
E
Lb
r:
d
0
n

-80

-82

-84

-86

-08

- 9 0

- 9 2

- 9 4

-96

-98

-100

-1022

-104

-1066

- 1 0 8

-110

I

/

l

1 1 1

-15 -13 -11

De3 180,  per mil
c l Wells + LDMW 0 cmig A Adak



0

-.

+
i

I

I

d
:

v-

32J

co6


